Mice contain at least seven nonallelic forms of the M1 hlstones, Including the somatic variants H1a-e and less closely related variants H1° and Hit. The mouse H1° and H1c (H1var.1) genes were isolated and characterized previously. We have now Isolated, sequenced and studied the expression properties of two additional mouse H1 genes, termed H1var.2 and H1var.3. Extensive amino acid and nucleotlde sequence comparisons were made between the two genes and other mammalian H1 histone genes. A high degree of nucleotlde sequence Identity was seen between the H1var.2, rat H1d and human H1b genes, even well beyond the coding region, indicating that these genes are likely homologues. Unlike the previously characterized mouse H1var.1 gene which produces both nonpolyadenylated and polyadenylated mRNAs, the H1var.2 and H1var.3 genes produce only typical, replication dependent, nonpolyadenylated mRNAs.
INTRODUCTION
The histories are a family of proteins that participate in organizing the structure of eucaryotic chromatin. There are five major classes of histones, HI, and the core histones H2a, H2b, H3, and H4 (1) . The core histones are responsible for the formation of the nucleosomal core particle (2) . HI histones bind to the DNA between core particles and participate in the formation of higher order chromatin structures (3) . There is now considerable evidence that chromatin structure is important in the regulation of transcription by controlling the accessibility of DNA to both general, and gene-specific transcription factors. Several recent studies indicate that H1 histones play a critical role in organizing these structures (4) (5) (6) . Recent studies also indicate that certain antirepressors and antirepressor activities of some transcription factors interact specifically with His (7) (8) (9) .
A characteristic of histones that is often not fully appreciated is their considerable diversity. In mammals each class of histone with the exception of H4 is represented by nonallelic primary sequence variants or subtypes which display distinct patterns of expression during development and differentiation (3, (10) (11) (12) . Whereas the fundamental structural role of histones in chromatin is understood, the functional role, if any, of different histone variants in generating or maintaining different chromatin conformations within the cell is not understood. The HI class of histones displays the most complex pattern of subtypes including differentiation-specific and tissue-specific members. At least seven different primary sequence variants have been detected in mice (10) . This large number of HI subtypes is common in higher eukaryotes. The large number and different patterns of expression among the HI subtypes suggests that these HI variants are in large part responsible for the wide variations in chromatin condensation that exists within the genome and in different cell types. However proof of a functional difference for the HI variants is not available. Most approaches to testing functional significance would be greatly facilitated by the isolation of clones of the different HI variant genes.
We have previously reported on the isolation of two mouse HI genes encoding the HI 0 and Hlc (Hlvar. 1) subtypes (13) (14) (15) . The HI 0 gene encodes a replication-independent polyadenylated mRNA, whereas the Hlc gene encodes both a nonpolyadenylated, replication-dependent mRNA and a polyadenylated, replication-independent mRNA (15) . We report here the isolation, sequence and expression properties of two additional mouse HI variant genes. Both genes are expressed in a replication-dependent manner. One of the genes shows extensive homology with the rat Hid gene (16) , even well beyond their transcribed regions. This gene is likely the mouse homologue of the rat Hid and one of our laboratories (DBS) has shown recently that it codes for the differently named mouse Hie variant (17) . The mouse Hie gene is also linked to an H2b pseudogene. The variant type of the second mouse H1 gene could not be deduced from sequence analysis or by its expression characteristics.
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MATERIALS AND METHODS

Isolation and sequencing of mouse histone genes
A partial Mbol BALB/c mouse genomic library in lambda Charon 35 (Fred W.Alt, Harvard Medical School) was screened with the mouse cDNA clone CMH1 -1.8. CMH1 -1.8 was isolated by screening a lambda gtlO cDNA library from MEL cells with a human HI histone gene probe (18) . It contains a 0.63 kilobase (kb) insert with homology to HI genes as determined by partial sequence analysis. The 0.63kb cDNA insert was purified by electrophoresis and labeled by nick translation. The labeled probe was hybridized to nitrocellulose filter lifts from about 2 x 10 5 plaques. Hybridization was carried out in 50% formamide/5 XSSC at 42°C. Positive plaques were subjected to two further rounds of purification. Ten positive plaques were shown to fall into four groups based on their restriction enzyme digestion patterns and by Southern blot analysis with H1 histone coding region probes. One member from each of two groups, MGH1.10 (designated Hlvar.2) and MGH1.5 (designated Hlvar.3) were ftirther characterized.
A 2.4kb Aval fragment and an overlapping 0.6kb Rsal fragment of H1 var.2 phage DNA that hybridized with the cDNA CMH 1-1.8 probe were isolated and subcloned in both orientations in pBluescript SKml3+ plasmid vector (Stratagene). Similarly, two PstI fragments of 1.8kb and 0.5kb, and an overlapping 1. lkb Sad fragment from Hlvar.3 phage DNA were isolated and subcloned in both orientations in the same vector. A nested set of deleted inserts was generated by exonuclease HI treatment for each subclone following the Erase a Base procedure (Promega). Subclones with inserts differing by about 200 nucleotides in size were detected by agarose gel electrophoresis and sequenced in both directions by the dideoxy chain termination method with Sequenase (United State Biochemical) according to the manufacturer's instructions.
The other genomic clone, MH175 which also contains the Hlvar.2 gene, was isolated independently by screening a partial EcoRI mouse spleen DNA library in lambda Charon 4a (R.Perlmutter and L.Hood, California Institute of Technology, Pasadena CA) with a universal H1 histone oligonucleotide probe as described previously (13) .
Clone MH175 contains a 17.6 kb DNA insert. Restriction mapping localized the HI gene to a 3.8 kb Sphl-BgUI fragment. This fragment was made blunt-ended with T4 DNA polymerase and subcloned into the M13mpl8 vector (19) at the Smal site. Both orientations of the 3.8 kb fragment in the M13mpl8 vector were obtained as determined by the c-test (20) . A nested set of deletions of clones in either orientation were made by progressive deletion with exonuclease HI (21) . Overlapping subclones, in both orientations, spanning the entire region containing the HI gene were sequenced primarily by the dideoxy chain termination method. Subclones containing regions of high GC content were sequenced using reverse transcriptase. The conditions and procedures used for sequencing with reverse transcriptase were as described (22) (23) with slight modification; the reactions were at higher temperatures, 42°C or 45°C, in the absence of salt in the reaction mixture.
Cell culture and RNA isolation
Clone DS19 MEL cells (24) were grown in Dulbecco modified Eagle's (DME) medium supplemented with 10% (vol./vol.) fetal bovine serum. Erythroid differentiation was induced by treatment with 5mM HMBA as described previously (14) . Hydroxyurea treatment of MEL cells and serum stimulation of quiescent mouse 3T6 cells have been described previously (15) . Total RNA from mouse tissues was made by the lithium chloride precipitation method (25) . Polyadenylated RNA was prepared by oligo(dT)-cellulose chromatography (26) from cytoplasmic RNA made from either MEL cells or tissues.
RNase protection assays 10/ig of RNA were hybridized with 10 6 dpm of uniformly labeled antisense RNA probe at 65°C for 16hrs in 10^1 of 80% formamide, 0.4M NaCl, lmM EDTA, 0.03M sodium PIPES, pH4.5. After hybridization samples were diluted into 300^1 of 0.3M NaCl, lOmM Tris-HCl pH7.5, 5mM EDTA and treated with 40ftg/ml RNase A and 2u/ml RNase Tl at 30°C for 30min. Samples were then incubated with 100/ig proteinase K at 37°C for 15min, extracted with phenol and chloroform, precipitated with ethanol and electrophoresed on a 6% denaturing polyacrylamide gel. Assays for Hlvar.2 mRNA were carried out with probe a ( Figure 3A 
RESULTS
Isolation of mouse HI histone genes
The two laboratories involved in this study have used different strategies to isolate mouse HI histone genes. One laboratory (D.B.S.) screened a mouse genomic library with a universal HI oligonucleotide that was intended to be unbiased for any of the HI genes except HI 0 . This strategy led to the isolation of the genomic clone MH143, which was described previously (13) , and MH175 which is described here. Both of these cloned genes were chosen for further study because they appeared to be linked to core histone genes.
The other laboratory (A.I.S.) screened a cDNA library, made from differentiating murine erythroleukemia cells, with a human HI gene probe. The objective was to isolate HI histone cDNAs appearing during cell differentiation that might be encoded by polyadenylated mRNAs. Indeed the first cDNA clones isolated in this way encoded the polyadenylated Hl° mRNA and a polyadenylated form of the Hlvar.l (Hlc) mRNA (14, 15) . The Hlvar.l gene is identical to the MH143 gene (13) and can produce both poly A + and poly A~ mRNAs (15) . A third cDNA clone isolated in this way and designated cMHl-1.8 was sequenced and found by homology to code for an HI histone protein. The cDNA insert from cMHl-1.8 was used as a probe to screen a mouse genomic library. Ten genomic clones were purified and found to fall into four distinct groups based on their restriction enzyme digestion patterns (data not shown). One group was shown by hybridization with Hlvar.l specific probes to contain the Hlvar.l (MH143) gene (15) . A second group was identified to contain the gene from which the cMHl-1.8 cDNA clone was derived. The identification of this gene, designated Hlvar.2, was confirmed by sequencing and shown to be identical to clone MH175. The third group contained an HI gene designated Hlvar.3, which is also described below. The fourth group was least homologous to HI probes by Southern blot analysis and these clones have not been further analyzed. In summary using two different isolation procedures four mouse HI genes have been isolated: Hl°;Hlvar.l (MH143); Hlvar.2 (MH175); and Hlvar.3. We will use the 'Hlvar. #' nomenclature to refer to these genes in this manuscript.
Structure of the mouse Hlvar.2 and Hlvar.3 genes
The mouse Hlvar.2 and Hlvar.3 genes were isolated from mouse genomic DNA clones in lambda phage. Both of these genomic clones also contain a core histone gene. An H2b pseudogene is located about 720bp downstream from the end of the Hlvar.2 gene and is oriented in the same direction. This region was sequenced and found to be 63 % identical to an expressed H2b gene. However, the putative coding region of this gene contains three mutations resulting in in-frame termination codons, multiple deletions and mutations in the putative translation initiation and termination codons. The pseudogene also contains mutated promoter elements and a mutated 3' stem-loop sequence suggesting it did not arise through a reverse transcription intermediate. The genomic clone containing Hlvar.3 also contains an H3 gene as determined by Southern blot hybridization but its exact location and sequence has not yet been determined. Both the Hlvar.2 and Hlvar.3 genes appear to be single copy genes, as determined by genomic Southern blot analysis with gene specific probes (data not presented).
The complete nucleotide sequences of the Hlvar.2 and Hlvar.3 genes and their immediate flanking regions have been submitted to the GenBank™/EMBL Data Bank with accession numbers L26163 for Hlvar.2 (MH175) and L26164 for Hlvar.3. Both genes contain long open reading frames which code for proteins of 218 and 212 amino acids respectively (not counting the amino terminal methionine which is removed in His). Both proteins have extensive homology with known mammalian H1 amino acid sequences (see below). Typical of replication dependent histone genes the coding regions of these genes are not interrupted by introns. The transcription initiation sites were determined by SI nuclease mapping and primer extension studies (data not presented) and are 25 and 30 nucleotides, respectively, downstream from consensus TATA boxes (27) . The 5' promoter regions of these genes each contain a consensus CCAAT box (28) as well as several potential binding sites for the SP1 transcription factor (29) (30) ). An HI consensus sequence (AA AC AC A A), which is reported to be involved in the expression and cell cycle regulation of HI genes (31) is present at the appropriate position in the Hlvar.2 gene, as it is in the Hlvar. 1 gene (15) . A similar, but not identical element (AAACACGAA), is present in the Hlvar.3 gene. Interestingly, it is considerably farther upstream, > 60bp, than in the other HI genes. Whether or not this is a functional HI specific expression element is unknown. At the 3'-ends of the Hlvar.2 and Hlvar.3 genes there are highly conserved, dyad symmetry elements and consensus downstream sequence elements, essential for 3' end processing of replicationKlependent histone gene transcripts (32) . Figure 1 shows an amino acid sequence comparison of the three mouse HI genes which we have characterized, to the human Hlb (36, 37) , the only difference among the three proteins occurs at position 121 where there is a conservative arginine to lysine change. Most of the changes between these three proteins involve conservative lysine-arginine changes or substitutions of alanine by other residues. This high degree of Aalno Aoid i*qu*no« coapviaon 1) SETAPAAPAAPAPA-EATWIJUUUUCAACCAK-RKTS-CPPVSELIT1UWAABKERSGV3 -I .
Sequence comparison of HI histone genes
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1T.T. . .V-. . §.» I (35); 8, the mouse Hlvar.3; and 9, the human Hl.l (34) . Amino acid sequences arc presented in the single letter code. The optimal alignments were determined manually. For the alignments a dot indicates an identity with the mouse Hlvar.2 sequence. A dash indicates a gap or deletion in a position where other histones have an amino acid in this position. The total number of amino acids for each protein is given in parentheses at the end of each sequence. The percent identity of each sequence as compared to the mouse Hlvar.2 is also given at the end of each sequence. The percent identity between other variants is presented adjacent to the bracketed variants being compared. Recently the sequence of the rat Hid gene was extended (46) and revealed the presence of a H2b pseudogene in a similar position and orientation as the mouse H2b pseudogene is to the mouse Hlvar.2 gene. In addition, the new rat Hid sequence contains a few differences from the previous rat Hid sequence (16) used in the comparison shown here. These differences slightly increase the homology between the rat Hid and mouse Hlvar.2 genes. Most importantly, the new rat Hid sequence indicates the presence of two alanine residues at positions 161 and 162 (line 2) that were absent in the previous rat Hid sequence. Comparison of the nucleotide sequences in the noncoding regions of the Hlvar.2, rat Hid and human Hlb genes further supports the likelihood that these genes are homologous ( Figure  2 ). Beyond functionally important consensus sequences, histone genes typically exhibit few similarities between related genes of the same or different species (31) . However, in the approximately 300 bp region preceding the initiation codon (the extent of 5' end sequence available for the rat gene), the mouse Hlvar.2 and rat Hid genes are 93% identical and the mouse Hlvar.2 and human Hlb genes are 89% identical.
This homology of flanking, transcribed and nontranscribed sequences also exists in the 3' ends of the mouse Hlvar.2 and rat Hid genes ( Figure 2B ). They are 96% identical for the first 94 bp. The percentage of identity falls off when the comparison is extended for all of the available rat Hid sequences, but it is still significantly high, 85% for 214 bp. A comparable similarity exists for the mouse Hlvar.2 and human Hlb genes. They are 91% identical for 111 bp ( Figure 2B ).
The amino acid sequence comparisons ( Figure 1 ) also reveal that the human HI.2 and mouse Hlvar. 1 are more closely related to each other, 88% identity, than either is to the mouse Hlvar.2, 83% and 84% respectively. Likewise, the human Hl.l and mouse Hlvar.3 are more closely related, 78% identity, than either is to the mouse Hlvar.2, 70%. Whether these two pairs of HI variants, the mouse Hlvar.l and human HI.2, and the mouse Hlvar.3 and human Hl.l are homologous variants, is not as clear as for the mouse Hlvar.2, rat Hid and human Hlb. Sequence alignment of noncoding, flanking nucleotide sequences, reveals that the mouse Hlvar.l and human HI.2 genes share little similarity to the mouse Hlvar.2 gene beyond the consensus sequences in the 5' end: they are 58% and 53% identical to mouse Hlvar.2, respectively. However, that mouse Hlvar. 1 and human HI.2 are similar is seen in their 81% identity for 174 bp of 5' flanking sequence (Figure 2A ). Although the similarity of mouse Hlvar. 1 and human HI.2 is quite high in their 5' regions their similarity at the 3' end does not extend beyond the 3' end formation and processing signals ( Figure 2B) .
No significant similarity is seen between mouse Hlvar.3 and human Hl.l, either between themselves or when compared to the other mammalian His in either their 5' or 3' flanking sequences, beyond shared consensus sequences.
Evolutionarily, the mouse Hlvar. 1 and human HI.2 are more closely related than either is to the other HI variants. The same is true for the mouse Hlvar.3 and human Hl.l variants. However, in neither case is the similarity so strong, as with the mouse Hlvar.2, rat Hid and human Hlb, to indicate that they are likely homologous variants.
Expression characteristics of the Hlvar.2 and Hlvar.3 genes The mammalian core histone genes are generally thought to consist of at least three categories based upon their expression characteristics, particularly in relation to DNA synthesis: the replication-dependent genes in which expression is coupled to DNA synthesis; the replication-independent genes whose expression in the cell cycle occurs independendy of DNA synthesis; and histone variants which are expressed in a tissuespecific manner (11, 12) . Whether or not these distinguishing characteristics apply to the HI histone variants is not entirely clear at present. In fact, we have shown previously that the mouse Hlvar. 1 gene exhibits both replication-dependent and replicationindependent expression owing to the production of two different mRNA species: a short cell cycle regulated mRNA terminating in the conserved stem-loop sequence and a much longer poly A + mRNA that is not cell cycle regulated (15) . The latter mRNA was first identified as being produced during induction of mouse erythroleukemia cell differentiation. We showed it is also found in low amounts in a number of mouse tissues, and becomes more predominant in adult mouse tissues, especially in the kidney where it becomes the dominant Hlvar.l mRNA species (15) . Therefore, it was of interest to determine whether the expression of the Hlvar.2 and Hlvar.3 genes is coupled to DNA replication and whether the genes might also produce poly A+ mRNAs.
To assay expression of the two HI genes we utilized a sensitive RNase protection assay with uniformly labeled RNA probes that extend from the 3' portion of the coding region into the 3' flanking sequences beyond the stem-loop element ( Figure 3A ). When such probes are hybridized with RNA, mRNA terminating near the stem-loop element will produce a short protected RNA fragment, whereas any mRNA species terminating beyond the stem-loop element (e.g., a poly A + mRNA) will produce longer protected RNA fragments. Even if such longer mRNA species terminate beyond the sequences present in the probes they would be detectable because they should lead to production of full-length protected RNA fragments. Such protected RNA fragments are distinguishable from residual probe because the probes include plasmid sequences.
When cycling mammalian cells are treated with hydroxyurea, an inhibitor of DNA replication, the levels of replicationdependent histone mRNAs decline rapidly due primarily to posttranscriptional destablization of the mRNAs (38) . Conversely, when quiescent cells are stimulated to re-enter the cell cycle by addition of growth factors, the levels of these mRNAs rise in conjunction with DNA synthesis due to a combination of transcriptional and posttranscriptional mechanisms (39) . To determine whether the Hlvar.2 and Hlvar.3 genes exhibited replication-dependent expression we analyzed the levels of their mRNAs following both inhibition and stimulation of DNA replication. The results shown in Figure 3 demonstrate that expression of Hlvar.2 and Hlvar.3 mRNAs terminating just beyond the stem-loop sequence is coupled to DNA replication. The levels of both mRNAs expressed in uninduced MEL cells were reduced when the cells were treated with the DNA synthesis inhibitor hydroxyurea ( Figure 3B ). Furthermore, when quiescent mouse 3T6 cells were stimulated to reenter the cell cycle by addition of 10% serum, the levels of both mRNA's rose rapidly, at about the time that the cells began to replicate their DNA ( Figure 3C ). The same RNA samples were assayed in previous studies (15) for the levels of H3 histone mRNA and the poly A" and poly A + forms of Hlvar. 1 mRNA. The results shown in Figure 5 are very similar to those observed for H3 mRNAs and the poly A~ Hlvar. 1 mRNA. In contrast, the level of poly A + Hlvar. 1 mRNA does not change substantially during hydroxyurea treatment or serum stimulation (15) .
As mentioned, the alternative, poly A + form of the Hlvar. 1 mRNA is most readily detected in certain adult mouse tissues (e.g., kidney) and also during the induction of MEL cell differentiation after about 8 hours of inducer treatment. Therefore, we assayed RNA from these different types of cells to determine whether the Hlvar.2 and Hlvar.3 genes could produce a poly A + mRNA under the same circumstances. Total RNA was prepared from uninduced and induced MEL cells during the period when induction of the Hlvar. 1 poly A + mRNA is readily detected (15) . Total RNA was also prepared from several tissues of two week old and nine week old mice, including samples from adult kidneys in which the Hlvar. 1 poly A + mRNA is most abundant (15) . These RNA samples were assayed by RNase protection using probes from both the Hlvar.2 and Hlvar.3 genes that would be capable of detecting longer polyadenylated forms of the mRNAs. The results shown in Figures 4 B,C,D indicate that the probes derived from both genes detected only mRNA terminating at the stem-loop element in several mouse tissues and in induced MEL cells. No evidence for longer transcripts terminating beyond the stem-loop element was seen. Furthermore, consistent with the replication-dependent expression of both genes, we found that the levels of both mRNAs were higher in most tissues of newborn mice which are undergoing growth through cell division than in the tissues of adult mice in which cell division has slowed considerably. Finally we sought to determine whether any polyadenylated transcripts of the two genes could be detected by fractionation of total RNA from MEL cells on oligo-dT cellulose. mRNAs from the two genes were only detected in the unbound, poly A~ fraction and again there was no evidence for the existence of mRNA species terminating beyond the histone dyad symmetry element ( Figure  4A ). We conclude that in the several conditions we have assayed, the two HI genes produce only typical cell cycle regulated poly A~ histone mRNAs that are processed at the 3' terminal palindrome.
DISCUSSION
Previously, our labs independently isolated the mouse Hlvar. 1 (MH143) gene. This HI gene was originally identified as being fully replication-dependent (13) . However, it was later learned that this gene could also make a mRNA which was polyadenylated and therefore it is capable of both replication-dependent and replication-independent expression (15) . We have subsequently shown using transformation studies that this gene codes for the Hlc variant (17) . In this paper we describe the cloning, sequencing and characterization of two additional mouse HI variant genes. Unlike the previously described Hlvar. 1 (Hlc) gene, these genes appear to be principally expressed in a replication-dependent manner.
There is little consistency between different labs in the nomenclature and identification of HI variants. Because of their extensive work with mammalian His, and the mouse His in particular, we have chosen to use the H1 nomenclature of Lennox and Cohen (40). Kistler's group has attempted to keep their nomenclature and identification of rat His consistent with the Lennox and Cohen system. Both groups base their HI letter designation on the order of elution of the different variants from Bio Rex 70 chromatography (40) . Because Bio Rex 70 chromatography is too cumbersome for routine fractionation of H1 variants each lab uses gel electrophoresis through acid and SDS gels to resolve the different HI variants. However each lab uses different acid gel systems on which Hie and Hid show different mobilities. Because of this, the designation of Hid and Hie is reversed between the different labs. The extensive identity of the mouse Hlvar. 2 gene sequence presented in this paper and that of the rat Hid gene, even well beyond the coding region, leads us to believe they are homologous genes. We therefore believe the mouse Hlvar.2 gene codes for an Hie variant by Lennox and Cohen's nomenclature system. We have recently confirmed by transformation studies that the Hlvar.2 gene codes for Hie (17) . Amino acid sequence comparison indicates that the human HI gene, designated Hlb or HI.4 (33, 34) , is probably homologous to the rat Hid and the mouse Hie.
Both the Hlc and Hie variants are major, abundant variants (10). It is therefore not surprising that the cDNA screening approach led to the isolation of their genes even though the Hie gene, unlike the Hlc gene, does not seem to produce a polyadenylated message. cDNAs are not always produced by initiation of first strand synthesis from a poly A tail.
It has already been noted that there is a paucity of H1 genes in mammalian histone gene clusters (13) and, unless they reside in separate chromosomal locations, there may be fewer HI genes than there are core histone genes. Both the Hlvar.2 and Hlvar.3 genes as well as the Hlvar.l (Hlc) and HI 0 genes (13,15,41) appear to be single copy genes. It is likely that, unlike the core histone genes where there may be multiple genes for the same variant, there may be fewer copies of each HI variant gene.
Protein analysis indicates that both Hlc and Hie are synthesized in dividing and nondividing cells (10) . Because uV Hlvar. 1 (Hlc) gene can produce either a replication-dependent or replication-independent form of histone mRNA (15) , one gene is sufficient for the synthesis of Hlc at all times. We found no polyadenylated mRNA produced from the Hlvar.2 (Hie) or Hlvar.3 genes and their mRNAs appear to be regulated in a replication-dependent manner. When DNA synthesis is inhibited the steady state levels of replication-dependent histone mRNA declines to 5-10% of their levels in dividing cells (42) . After prolonged inhibition of DNA syndiesis these basal levels of mRNA increase (42) . It is possible that these low levels of mRNA in conjunction with the high stability of the Hie protein (10) is sufficient to account for the abundance of Hie in nondividing cells. It is also possible that there is a replication-independent Hie gene much like the histone H3.3 gene. However, if another Hie gene exists it must have a very different codon usage from the Hie gene described here and therefore failed to hybridize with a probe made from this gene.
Sequence analysis of the 5' flanking sequences of the Hlvar. 1 (Hlc), Hlvar.2 (Hie) and Hlvar.3 genes reveals putative transcriptional regulatory sequences. These genes have the canonical TATA-box, CCAAT-box and SP1 binding site sequences. In addition, like the Hlvar. 1 gene, the Hlvar.2 gene has a sequence at the appropriate location which matches an HI-specific sequence (31) . The region surrounding this HI-specific sequence is also highly conserved between the mouse Hlvar.l and Hlvar.2 genes. The Hlvar.3 gene however does not have this HI specific sequence in the appropriate position. It has a sequence GO base pairs upstream of the expected location which is similar (it has a one bp insertion). Whether this sequence is functional or coincidental cannot be determined by sequence analysis.
Sequence comparison of the mouse Hlvar.2 (Hie) and Hlvar.l (Hlc) genes reveals some interesting features. Unlike the comparison of the mouse Hlvar.2 gene to the rat Hid gene, which shows a fairly even distribution of their few differences throughout the gene and flanking region, comparison of the two mouse genes shows uneven distribution of sequence differences. The central globular domain of His is highly conserved (36, 37) . It is not surprising to find a high level of identity between these regions in different HI variants. What is striking is that there are two stretches of reasonable length, 144 bp and 54 bp, with perfect identity. Sequence comparison of the whole central domain also shows that there are fewer silent base changes than are seen upon comparison of the amino and carboxy domains. 65% and 46% of the codons for 23 and 57 identical amino acids in the amino and carboxy termini, respectively, have silent changes compared to 12% of 102 codons in the globular domain. Both the long stretches of perfect identity and the overall high level of identity in the central domain may reflect a functional significance of the DNA or RNA sequences in this region. Proportionately long sequences of perfect identity relative to the total coding length have been observed between different replication-dependent H3 variants (43) . The replication-dependent histone genes are regulated transcriptionally and posttranscriptionally (38) . The 3' stem-loop is clearly a signal recognized in regulation of posttranscriptional stability (38) . Other coding or RNA sequences may be regulatory. There is a report that coding sequences in a H3 gene are necessary for proper transcriptional regulation (44) These highly conserved sequences in His are candidates for other regulatory signals. However, if these sequences are significant their importance does not extend to the Hlvar.3 gene which shows no long stretch of identity with either the mouse Hlvar.l or the Hlvar.2 genes.
In conclusion we have cloned and characterized two additional mouse HI variant genes. These genes in conjunction with the mouse HI 0 and Hlc genes and the rat and human Hit as well as other unidentified mammalian HI genes (34, 45) probably means that genes for most of the mammalian H1 variants have been obtained.
The nucleotide sequences reported in this paper have been submitted to the GenBank™/EMBL Data Bank with accession numbers L26163 for Hlvar.2 (MH175) and L26164 for Hlvar.3.
